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[57] ABSTRACT

~ An electrophotographic apparatus has its electrophoto-

graphic component parts divided into three units con-
sisting essentially of a developing unit A, a photorecep-
tor unit B and a toner cartridge unit C. Each of the units
is capable of being detached from and reattached to the
main body of the apparatus while maintaining the re-
quired relative positions. The service lives of the units
are set in such a manner that the ratio therebetween is
represented as a ratio between integers, and the rela-
tionship therebetween in magnitude satisfies the rela-
tionship of the service life of the developing unit A =the
service life of the photoreceptor unit B=the service life
of the toner cartridge unit C. Thus, the apparatus ena-
bles its maintenance to be performed easily and eco-
nomically without requiring any increase in the size and
the cost of the electrophotographic mechanisms.

2 Claims, 2 Drawing Sheets
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ELECTROPHOTOGRAPHIC COPYING MACHINE
WHICH INTEGRATES COMPONENTS HAVING
SUBSTANTIALLY EQUAL SERVICE LIVES INTO
RESPECTIVE DETACHABLE UNITS FORMED OF
A DEVELOPING UNIT, A PHOTORECEPTOR
UNIT AND A TONER CARTRIDGE UNIT

BACKGROUND OF THE INVENTION

The present invention relates to an electrophoto-
graphic apparatus. More particularly, the present inven-
tion relates to an electrophotographic apparatus whose
maintenance can be easily and economically performed.

An electrophotographic apparatus includes, as is al-
ready known, a photoreceptor which 1s charged by a
charging device, and on which an electrostatic latent
image is formed by an exposing device, a developing
device which employs toner to form a toner image from
the electrostatic latent image, a transferring device for
transferring the toner image onto a sheet, a fixing device
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for fixing the transferred toner image, a cleaning device

for cleaning toner remaining on the photoreceptor after
the transfer of the toner image, and a charge removing
device for removing the charge remaining after the
formation of the latent image.

Such component parts constituting an electrophoto-
graphic apparatus have their own lives. For instance,
the photoreceptor is vulnerable to damage because 1t 1s
subjected to corona discharge by the charging device,
exposed to strong light by the exposing device, and kept
in contact with ozone or nitrogen oxides generated by
corona discharge or toner. The photoreceptor 1s also
vulnerable to wear because of friction caused by its
contacting with a sheet during transfer or with the
cleaning device. The developing device may reach the
end of its life when, for instance, its charging efficiency
is degraded by part of the toner conveyed by a toner
conveying carrier adhering to a surface of the carrier,
when the carrier itself is worn, or when the device 1s
unable to stably obtain image densities since a develop-
ing roller is contaminated with impurities contained in

toner and, simultaneously, the device needs a further"

supply of toner. Also, component parts, such as the
cleaning device, which include consumables, such as
brushes formed by bundles of fine fiber, have their lives
because of this fact.

In order to stably obtain images of hlgh quality,
therefore, due attention has to be paid to the checking
and the replacement of various component parts, and to
the replacement and the supply of consumables, so that
each of the component parts is always able to maintain
the required level of performance. For this purpose, the
conventional practice has been such that various com-
ponent parts are arranged in such a manner that they
can be detached from the main body of the apparatus by
detachment mechanisms, and a service person visits the
user each time a certain period has passed so as to pro-
vide maintenance services such as the checking, the
cleaning, and/or the replacement of component parts,
and the supply of consumables.

This conventional practice is advantageous in that
only the part whose life has ended can be, for instance,
replaced. On the other hand, the practice inevitably
requires a large number of visits. It also requires a large
number of detachment mechanisms for detaching and
reattaching component parts from and to the main body
of the apparatus, thereby complicating the entire appa-
ratus. In addition, if, during the mounting of component
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parts, their relative positions are distorted, this leads to
the risk of the production of images of good quality
being hindered. In order to avoid this risk, the mounting
operation must be performed precisely and carefully,
thereby making the operation one which 1s complicated
and which requires skill and time. Another disadvan-
tage is that since component parts are more or less con-
taminated by toner, when they are being detached or
reattached, this inevitably results in the area surround-
ing the apparatus or clothing worn by people becoming
contaminated.

A means has been proposed, therefore, to eliminate
these disadvantages. According to this proposal, the
main parts in the periphery of the photoreceptor, which
include the developing device, the charging device and
the cleaning device, and which are vulnerable to dam-
age or wear, are arranged in such a manner that they
can be detached from and reattached to the main body
of the apparatus while they form a completely integral
structure. When this structure is replaced, operations
such as the replacement of the photoreceptor, the clean-
ing of the charging device or the like, the replacement
of the cleaning device, the disposal of toner removed
from the surface of the photoreceptor, and the supply of
toner can be performed all at one time.

With this means, therefore, the maintenance opera-
tion is simplified. In addition, there is no risk of the area
surrounding the apparatus becoming contaminated,
while easy maintenance service i1s made possible. How-
ever, a problem arises in that the shortest of the service
lives of these component parts integrated in the struc-
ture determines the life of the entire structure. For ex-
ample, if the service life of an organic photoconductive
type photoreceptor reaches an end after the production
of about 50 thousand printed sheets, the associated de-
veloping device, which is, when the service life of the
photoreceptor ends, still capable of producing 150 thou-
sand sheets during the rest of its life, must also be aban-
doned and replaced. This results in high maintenance
cost. In addition, the amount of toner initially stored in
the integral structure must be great enough to comply
with the number of sheets that the associated compo-
nent part, e.g., the photoreceptor, is capable of produc-
ing throughout its service life. If such a great amount of
toner is stored, the toner itself may absorb moitsture, or
blocking due to heat may occur, thereby leading to the
risk of image quality degradation. In order to avoid this
risk, the mechanism for stirring toner, the mechanism
for conveying toner, etc. have to be made large and
complicated.

SUMMARY OF THE INVENTION

The present invention has been accomplished to
overcome the above-described problems of the prior
art. It is an object of the present invention to provide an
electrophotographic apparatus which allows its mainte-
nance to be performed easily and economically without
requiring any increase in the size and the cost of the
electrophotographic mechanisms.

In order to achieve the above-stated object, an elec-
trophotographic apparatus according to the present
invention comprises: a main body; and electrophoto-
graphic mechanisms divided into three units consisting
essentially of a developing unit A, a photoreceptor unit
B and a toner cartridge unit C. Each of the units is
capable of being detached from and reattached to the
main body. The materials forming each of the units are
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selected in such a manner that the ratio between the
service lives of the units is represented as a ratio be-
tween integers, and the relationship between the service
lives of the units satisfies the relationship of the service
life of the developing unit AZthe service life of the
photoreceptor unit B Zthe service life of the toner car-
tridge unit C.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view illustrating an electrophotographic
apparatus according to one embodiment of the present
invention; and

FIGS. 2, 3, 4A and 4B are views showing the struc-
ture of various units of the apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will now be described in detail
with respect to an embodiment thereof.

An electrophotographic apparatus which is an em-
bodiment of the present invention includes, as shown in
FIG. 1, a photosensitive drum 1, a charging device 2
employing a scorotron, an exposing device 3 employing
a laser source, a developing device 4 having a magnetic
brush 4g carrying toner thereon, a toner storing case 45,
a toner stirring mechanism 4¢, and a doctor blade 44 for
limiting the thickness of toner on the magnetic brush 4gq,
a transferring device § employing a corotron, a fixing
device 6 employing heating rolls, a cleaning device 7
having a blade 7a, and a toner disposal case 75, a charge
removing device 8 employing an LED, and a passage 10
through which sheets 9 are conveyed.

One of the main features of the present invention 1s
that, in the electrophotographic apparatus having the
above-described construction, the exposing device 3,
the transferring device 5 and the charge removing de-
vice 8 are excluded from the category of possible ob-
jects of replacement because the above-mentioned de-
vices are component parts having considerably longer
lives than others, and requiring a smaller number of
times of replacement, checking, or cleaning than others,
which allow their cleaning to be performed whenever
such is suitable, while they remain fixed to a main body
12 of the apparatus.

Among the remaining component parts, the photo-
sensitive drum 1, the charging device 2 and the cleaning
device 7, which have shorter lives than the above-
described exposing device 3, etc., are integrated with a
mounting plate 11 as arranged thereon in the required
manner, as shown in FIG. 2, so as to form a photorecep-
tor unit B. The thus formed unit B is fixed to the main
body 12 of the apparatus in such a manner as to allow
the detachment and reattachment of the unit B while
the component parts within the unit B maintain a prede-
termined relationship in position with such component
parts as the exposing device 3, the fixing device 6, the
charge removing device 8, and the sheet conveyance
passage 10 which remain fixed to the main body 12.

The still remaining component parts are divided into
two further units in the following manner. As shown in
FIG. 3, the developing device 4 having a longer life
than the photosensitive drum 1 is formed as a develop-
ing unit A including the magnetic brush 4a, the doctor
blade 44, the toner storing case 4b, and the toner stirring
mechanism 4¢. Also, a toner cartridge unit C for supply-
ing toner into the toner storing case 44 1s formed, as
shown 1n FIG. 3.
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The developing unit A is formed in such a manner
that it can be detached from and reattached to the main
body 12 of the apparatus while maintaining a predeter-
mined positional relationship with the photosensitive
drum 1 of the photoreceptor unit B, as shown in FIG. 1.

The cartridge unit C may have a construction such as
that shown in FIGS. 4A and 4B. Toner 13aq is charged
into a case 13 having a flange 136 around its opening. A
sealing film is bent into two layers 13c and 134. The
layer 13c is bonded to the flange 135 by application of
heat so as to tightly seal the opening of the case 13. The
layer 13d is not bonded to the flange 135, except that its

~ end portion 13d/ is bonded to a bent extension 135/ of
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the flange 135. As indicated by two-dot-chain lines in
FI1G. 3, the toner cartridge unit C is mounted on the
developing unit A by inserting the flange 135 of the case
13 into an engagement groove 4b/ formed in an upper
end portion of the toner storing case 4b of the unit A.
Thereafter, when the bent extension 135/ of the flange
135 is broken off and pulled, the seal formed by the
sealing film layer 13¢ on the case 13 1s broken, thereby
opening the case 13, and letting the toner 13q drop into
the toner storing case 4b of the developing unit A.

Another important feature of the present invention
will be described. -

In general, the service life of the developing unit A
can be easily set by selecting the combination of, e.g.,
the material to be used to form the sleeve, and the mate-
rials and the configuration to be used to form the toner
stirring mechanism 4c¢. It 1s usually possible to set the
service life of the developing unit A at a value approxi-
mately corresponding to the production of 30 to 200
thousand printed sheets.

The service life of the photoreceptor unit B including
the photosensitive drum 1 can be set by selecting the
materials to be used to form the photosensitive drum 1.
If the drum 1 has a photoconductive layer of an organic
photoconductor, the service life of the unit B usually
corresponds to the production of about 3 to 50 thousand
sheets. In the case of a selenium photoconductor, the
use of an SeTe-based photoconductor usually allows
the service life to correspond to the production of 40 to
100 thousand sheets, whereas the use of an SeAs-based
or a-Si-based photoconductor or the addition of a pro-
tective film on the surface allows the service life to
correspond to the production of at least 100 thousand
sheets.

As described before, if the amount of toner supplied
at one time from the case 13 is excessively great, this
makes the entire developing device 4 large, while in-
volving the risk of image quality degradation due to
moisture absorption by toner itself or blocking caused
by heat. For this reason, it is preferred that the amount
of toner supplied at one time should correspond the
production of a moderate number of printed sheets
approximately ranging from 1 to 5 thousand. In this
way, fresh toner can be supplied and good image quality
can be assured.

In view of the foregoing, according to the present
invention, the respective service lives of the units A, B
and C are set in the following manner. The number of
printed sheets producible immediately after one re-
placement of the toner cartridge unit C, hence, the
service life of the unit C 1s used as the reference, and the
service life of each of the developing unit A and the
photoreceptor unit B is set using the reference. Specifi-
cally, the setting is such that the relationship between
the service lives of the units A, B and C are represented
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as a ratio between integers, and that relationship satis-
fies the relationship of the service life of the developing
unit A=the service life of the photoreceptor unit
B =the service life of the toner cartridge unit C.

Some examples of this setting are shown in Table 1.
In this table, Example 1 is the case of a printer used in
a facsimile machine. The developing unit A of the
printer includes a sleeve formed of SUS, and bearings
disposed between the rotary portions of the sleeve and
the magnetic roller. The number of printed sheets
which the developing unit A is capable of producing 1s
set at 120,000. The photoreceptor unit B of the printer
includes an organic photoconductive drum as the pho-
tosensitive drum. The number of printed sheets produc-
ible by the unit B is set, on the basis of the matenals and
the configuration of the component parts within the
unit B, at 12,000. In this example, the'service lives of the
units C, B and A are set in such a manner that the ratio
therebetween is represented the ratio between integers

of 1:4.40.
TABLE |
) UNIT
PHOTO- TONER
DEVELOPING RECEPTOR CARTRIDGE
EXAMPLE  UNIT A UNIT B UNIT C
| 120,000 12,000 3,000
(40) (4) (1)
2 60,000 15,000 3,000
(20) (5) (1)
3 150,000 30,000 5,000
(30) (6) (1)
4 200,000 100,000 5,000
(40) (20) (D

Shown in Table 1 are approximate numbers of sheets,
with numbers in parentheses expressing integers in ra-
tios.

Example 2 shows the case where the above-described
setting is applied to a laser printer. The developing unit
A of the printer includes a sleeve formed of an alumi-
num material, while the photoreceptor unit B includes
an organic photoconductive drum as the photosensitive
drum. The ratio between the service lives of the units C,
B and A is set at the ratio between integers of 1:5:20.

Example 3 shows application to a copying machine.
The developing unit A of the machine includes a sleeve
formed of SUS, and a casing formed of a reinforced

material obtained by adding glass to a normally-used

ABS resin. Further, a sintered-type integral roller is
used as the magnetic roller. The service life of the de-
veloping unit A is set to correspond to the production
of 150,000 printed sheets. The photoreceptor unit B
includes an SeTe-based inorganic photoconductive
drum used as the drum, and an integral structure formed
by a cleaning device employing a fur brush and a coro-
tron charging device is combined. The number of
printed sheets producible by the photoreceptor unit B 1s
set at 30,000. Further, the toner cartridge unit C in-
cludes a 1:4 mixture of a magnetic carrier and toner
containing 40% of magnetic powder, and the unit C 1s
capable of producing 5,000 printed sheets. Thus, the
integer ratio of 1:6:30 is obtained between the lives of
the units C, B, and A. ,
Example 4 is the same as Example 3 except that the
developing unit A further includes bearings between
the sliding portions of the sleeve and the rotary roller,
and between the developing gap rollers, so as to have a
longer service life than the unit A in Example 3. Exam-
ple 4 is also distinguished from Example 3 in that the
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6

photoreceptor unit B includes a photosensitive drum in
which an SeAs-based material 1s used, so as to have a
longer service life than the unit B in Example 3. The
cartridge is the same as that in Example 3. The ratio
between the service lives of the units C, B and A 1s
represented as the ratio between integers of 1:20:40.

As has been described above, according to the pres-
ent invention, the electrophotographic mechanisms of
an electrophotographic apparatus are divided into three
units consisting of a developing unit A, a photoreceptor
unit B and a toner cartridge unit C. The service lives of
the respective units are represented as a ratio between
integers, and they satisfy the relationship of the service
life of the developing unit A =the service life of the
photoreceptor unit B=the service life of the toner car-
tridge unit C. Accordingly, in the case of Example 1
shown in Table 1, the numbers of times, these units are
replaced during their service lives, are such that while
40 replacements take place with respect to the toner
cartridge unit, 10 replacements and 1 replacement take
place with respect to the photoreceptor unit and the
developing unit, respectively. In contrast with the case
where component parts are completely integrated as
one structure, and they are detached, reattached or
replaced together, the present invention makes it possi-
ble to avoid waste which would result in a fact that the
replacement of a component part having a short service
life inevitably involves the replacement of a second
component part having a longer service life. Thus, the
present irivention improves the economic value of the
apparatus. It also avoids waste which would result from
the storage of a large amount of toner.

Furthermore, in contrast with the case where each of
the component parts is capable of individually detached
from and reattached to the main body of the apparatus,
the present invention features only three detachable and.
reattachable portions. This makes it possible to reduce
the number of the required detachment/reattachment
mechanisms, hence, to simplify the entire apparatus. In
addition, since the mounting operation requires only a
little consideration to be given to the relative positions
of various component parts, the operation can be easily
accomplished. Another advantage is that, since the
replacement of the units A, B and C can coincide, it is
possible to reduce the frequency of periodical mainte-
nance operations. Further, there is little risk of the area
surrounding the apparatus being contaminated by toner.
In this way, the electrophotographic apparatus of the
present invention is capable of thoroughly overcoming
the problems encountered with the prior art.

What is claimed is:

1. An electrophotographic copying machine com-
prising: a main body; and electrophotographic compo-
nent parts divided into three units consisting essentially
of a developing unit A, a photoreceptor unit B and a
toner cartridge unit C,

wherein the developing unit A includes a magnetic

brush, a toner storing case, a toner stirring mecha-
nism and a doctor blade,

the photoreceptor unit B includes a photosensitive

drum and a charging device,

the toner cartridge C includes a toner cartridge,

each of said units is capable of being detached from

and reattached to said main body while maintain-
ing the required relative positions,

the service lives of said units are set in such a manner

that the ratio therebetween is represented as a ratio
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among integers, and the relationship therebetween

in magnitude satisfies the relationship of the service
life of said developing unit A Z=the service life of
said photoreceptor unit B = the service life of said
toner cartridge unit C, and

the time for replacement of said developing unit A
and said photoreceptor unit B is determined by the
frequency of replacement of said toner cartridge
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unit C and the time for replacement of said devel-
oping unit A is further determined by the fre-
quency of replacement of said photo-receptor unit

B.
2. An electrophotographic copying machine accord-
ing to claim 1, wherein the photoreceptor unit B further

includes a cleaning device.
X ¥x ¥ * x
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